An efficient numerical method is presented for solving the initial value problems of Bratu-type equations using Chebyshev wavelets. To the best of our knowledge, until now there is no rigorous Chebyshev wavelet solutions have been reported for the initial value problems of Bratu-type equations. The scheme is based on a novel operational matrix derived from integration of Chebyshev wavelets. Some examples are included to demonstrate the validity and applicability of the technique. The calculated results as compared with those calculated by other methods, illuminate the efficiency and precision of Chebyshev Wavelet Method (CWM) for this problem. The power of the manageable method is confirmed. The results show that the proposed way is quite reasonable when compared to exact solution and other classical methods.
Introduction
Applications of the Bratu type equation are employed in the fuel ignition Model of the thermal combustion theory, the model of thermal reaction process, the Chandrasekhar model of the expansion of the universe, questions in geometry and relativity about the Chandrasekhar model, chemical reaction theory, radiative heat transfer and nanotechnology [5] . 
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Many analytical and numerical methods have been successfully applied to solve the Bratu equations. Wazwaz [22] has been established the Adomian decomposition method (ADM) to determine exact solutions of Bratu-type equations. Caglar et al. [6] developed B-spline method for solving Bratu's problem. Aregbesola [8] used the method of weighted residual (MWR) to show the existence and multiplicity of solutions of the Bratu problem. Jalilian [13] developed smooth approximate solutions of the one-dimensional Bratu's problem using the non-polynomial spline function and Khuri [15] established the Laplace transform numerical technique for solving it. Mohsen et al. [17] obtained new smoother to enhance multigrid-based methods for the Bratu-type equation. Hassan and Erturk [12] had applied differential transformation method for solving one-dimensional planar Bratu problem. Noor and Mohyud-Din [18] established the variational iteration method (VIM) for Bratu-type problem. There are some other papers about this problem [1-5, 10, 11, 13, 15,20,21] .
Wavelet theory is a relatively new and an emerging area in mathematical research. Wavelets permit the accurate representation of a variety of functions and operators. Moreover, wavelets establish a connection with fast numerical algorithms. The main advantage of using orthogonal basis is that it reduces the problem into solving a system of algebraic equations using the operational matrix of integration P [8, 9] . The matrix P can be uniquely determined based on the particular orthogonal functions. Also, the wavelet technique allows the creation of very fast algorithms when compared with the algorithms ordinarily used [8, 9] .
In the present paper, we introduce a Chebyshev Wavelet Method (CWM) to solve Bratu-type equations. The method consists of reducing the Bratu-type problem to a set of algebraic equations by first expanding the candidate function as Chebyshev wavelets with unknown coefficients [7, 12, 14, 16, 19] . These Chebyshev wavelets, which consist of Chebyshev polynomials, are given. These matrices together with the operational matrix of integration are then used to evaluate the coefficients of the Chebyshev wavelets for the solution of Bratu-type problems. Here we will demonstrate the results by considering three illustrative examples. of a single function called the mother wavelet. When the dilation parameter a and the translation parameter b vary continuously we have the following family of continuous wavelets as [16, 19] .
Chebyshev wavelets
, m is the order for Chebyshev polynomials t is the normalized time.
They are defined on the interval [ ) 0,1 by: 
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In Eq. (5), , denotes the inner product with weight function ( ). 
2 ,
where F and ( ) 
We define the Chebyshev wavelet matrix m m × Φ as:
For example, when 3 M = and 2 k = the Chebyshev wavelet is expressed as 6 
Chebyshev wavelets operational matrix of integration
The integration of the vector
where P is the ( ) ( )
operational matrix for integration and is given [19] as ... ...
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where S and C are M M × matrices given by: 
The integration of the product of two Chebyshev wavelet function vectors is obtained as ( ) ( ) 
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Applications and Results
In this section, we will use the Chebyshev wavelet method (CWM) to solve Bratu-type differential equations.
Example 1. Nonlinear Bratu equation
Consider the Bratu-type differential equation
and 0.
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From Eq. (21), we have
Substituting Eq. (19), Eq. (21) and (22) 
The above expression is a system of nonlinear algebraic equations; here we use the MATLAB function fsolve to solve Eq. (23).
The exact solution in a closed form of this problem is given by 
The Chebyshev wavelet (CW) scheme is given by ( ) 
The above expression is a system of nonlinear algebraic equations; here we use the MATLAB function fsolve to solve Eq. (26 
The exact solution in a closed form is given by ( )
The Chebyshev wavelet (CW) scheme is given by ( )
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The above expression is a system of nonlinear algebraic equations; here we use the MATLAB function fsolve to solve Eq. (30). In order to assess the advantages, efficiency and the accuracy of the Chebyshev wavelets scheme for solving Bratu-type equations, we use our method to solve another Bratu-type differential equation, whose exact solutions are known. Fig.1 shows a behaviour of the numerical solution for 24 m = , which is in good agreement with the exact solutions. 
Conclusion
In this paper, the Chebyshev wavelet method is used for analyzing the Bratu problem. Numerical results show that the Chebyshev Wavelet Method (CWT) can match the analytical solution very efficiently with quite a few calculations. Also the proposed method has a simple implementation process. It may be concluded that CWT is very powerful and efficient in finding analytical as well as numerical solutions for a wide class of linear and nonlinear differential equations. It provides more realistic series solutions that converge very rapidly in real physical problems.
